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Mission replanning

‘konstraints,
riteria, what-ifs
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Accuracies and Noise Levels

The accuracy of the sensor is a function of range, as are
the noise levels. The longer the range, the more noisy and less
accurate the data is. This stems from the fact that the lens is
a fixed-focus lens that is focused at close ranges, so the long
range picture is blurred, leading to variations in the target's
reflections between frames and causing greater digitization
inaccuracies. However, it was decided that the greater accuracy
is required at close ranges rather than far ranges. A larger
target that uses corner-cube retro-reflectors has a much steadier
return at longer ranges, and it has a maximum range of 150 feet

with the current sensor.
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Sensor Error vs. Range
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MATRA ESPACE &
Target Patterns

Range 1km/100m [200m/10 m|20m/2m 4m/0.6 m
sensor mode Lidar Imager | Imager{ Imager
global diameter of each point 05m 0012m |0.012m{0.0008 m
distanos between 2 farthest points - 18m 04m | O01lm
height of central paint - - 02m | 01m
of pyramid
angle of incidence +20 +20° $£20° | +20°
number of R-R 180 70 4 1
diameter of each elementary RR | 33 mm 15mm | 6mm | 5§ mm
Olm
0lm
—E - A (— B ALl . | - - - - S
05m
O=3nn
r
B
Dslbmm [ Y11
(4R-R) [}
@ 8 oBo 8 D
-]
Qalnn
(12-R)
m
s
04 m .
15 m

[ 3

ARD Session I - Description & Performances of the MATRA CCD Camera Sensor - C. Pauvert
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ACCURACY

R>05m)
(R < 200m)

0.05°
1%
<0.5°

MATRA ESPACE &

Performances of the MATRA CCD Camera Sensor

range accuracy
relative attitude accuracy

=» LOS accuracy

->
->

RANGE MEASUREMENT ACCURACY
(3 sigma. Log scales)

ACCURACY

ACCURACY

[ 3 R P D S ........I ...................... € ctrenenna
' ——bus0nom5
022% : Do -+ busonly
0% : R RRAREEE ~-ssenenes
R - -
im 4m 10m 20m 100m 1km
RANGE
LINE OF SIGHT MEASUREMENT ACCURACY
(3 sigma, Log scales)
S e oo o]
— buas
--- notse
0.01° H ’,
. -
;/
e
000" b e e -é————.————-s-—‘— —————— i—————//
tm 4m 10m 20m 100m tkm
RANGE
RELATIVE ATTITUDE MEASUREMENT ACCURACY
(3 sigma, Log scales)
05
0.2
o1*
N hes
HE
Im im 10m 20m 100m 1km
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Testing of MATRA Sensor on European Proximity Operations Simulator

PRIMARY CRANE CRAB
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I . Description & Performances of the MATRA CCD Camera Sensor - C. Pauvert
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Hybrid (Optical and Digital) Image
Processing Vision-Based Control

Richard D. Juday
Tracking and Communications Division
NASA Johnson Space Center

ABSTRACT

Hybrid vision is the result of image processing that is partly digital, partly optical.
The Johnson Space Center program is discussed. Its main elements are spatial light
modulators, video rate image coordinate transformations, Fourier optics filter
optimization for signal-to-noise ratio, and synthetic estimation filters. A bibliography
is given.

I. Introduction

Hybrid vision is the result of image processing that is partly digital, partly optical. Pattern
recognition by digital image processing is a well enough known discipline, but in this context we use
digital processing more for control interaction with a vision system than for pattern recognition. The
pattern recognition is done by Fourier optics, with the heavy duty aspects being done using off-line
calculations. The advantages devolving from the Fourier optics aspects are its speed and a possibly
reduced amount of sensitivity to obstruction, deep shadow from solar illumination, etc. The Tracking
and Communications Division has been working on hybrid vision for several years! -3¢, The elements
are control system applications of correlators!~!3, spatial light modulators!4, methods of optimizing
filters that are expressed under the constraints of real spatial light modulators!®-22 video rate image
warping for machine vision applications?®-2% and human low vision3®-3!, and some techniques®4-3¢
that were developed under funding from the Mars lander project. JSC has a memorandum of
understanding with the U. S. Army Missile Command (MICOM) which is contributed to by the
technology that is being developed. MICOM’s interest is in developing missiles sufficiently smart
enough and with good enough vision to do an autonomous "docking” of a missile with a tank. The
analogy with spacecraft docking is immediately obvious. NASA wishes to reuse the system and hopes
for a lower closing speed.

II. Correlation as a measurement tool

In hybrid vision, the information extraction is performed by optical correlation. An image is encoded
by an input spatial light modulator operatix;f on coherent light. Most of our work uses VanderLugt
type correlation!~8:8.10-12,16-22 5, 4 5411 e7.9,34-36 yge the joint transform. For autonomous rendezvous
and docking applications there are two major technical elements, the "backscratching" algorithm1® and
the synthetic estimation filter?3:5:8-11.13 " Cgrrelation, whether done optically or digitally, measures
the degree of resemblance between the viewed object and the reference object. Optical correlation
is notably susceptible to changes of appearance of the viewed object that one would ordinarily not
wish to degrade the measurement. Scale and rotation sensitivity are the prime examples. We
developed the backscratching algorithm to compensate. Measurements alternate being made in the
ordinary Cartesian geometric representation of the object--which allows centration of the object--
and in the log-polar representation, which allows imaging optics to correct the rotation and
magnification of the image.
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II1. Pose estimation by SEF

Two bodies are spatially related by only six degrees of freedom. For AR&D purposes we separate
them as : nllows. First and second are the latitude and longitude of the viewed object in the "sky” of
the other. Third and fourth are the latitude and longitude of the viewpoint in the sky of the viewed
object (this corresponds to out-of -plane motion of the viewed object). Fifth is the distance between
viewer and object (roughly equivalent to in-plane scale). Sixth is the relative rotation of the pair
about the line of sight (exactly equivalent to in-plane rotation in the imager plane of the viewing
system). As mentioned in Section 1l we can use correlation under Cartesian and log-polar
representation to make direct measurement of items 1, 2, 5, and 6 of this list. To handle items 3 and
4, traditionally the more difficult parameters to estimate, we have developed the synthetic estimation
filter (SEF)%3589.1L13 that works as follows. Synthetic (i.e. composited) views of the object are
created exactly so that correlation strength, plotted against pose, has affine variation. With the
tailored variation, simple computations yield robust estimates of the pose from a very few correlation
measurements. We have recently!! extended the concept to muitiple dimensions of pose. Compared
to an exhaustive search of filters, each sharply responding to one pose of the object, a reduction of
the number of filters to be searched seems likely to be on the order of a factor of eight.

IV. Video rate image transforms

A unique technical element at the Johnson Space Center is the Programmable Remapper?3s. It will do
a highly arbitrary geometric transform of a Cartesian image fed to it at video rate. It fits into the
hybrid vision scheme in that optical flow can often be transformed into a pure translation. The classic
example is that the log polar transformation produces a shift-invariant image flow as a Cartesian
sensor is approaching normally to a plane. Optical correlation is by nature a shift-invariant operation,
and so to modify a video image to produce pure translation conforms it for input to a pattern-
recognizing optical correlator. Because almost any geometric transformation of a 2-D image can be
done at video rates, we have been investigating2®-3! the application of the technology to human low
vision. The idea is to warp the version of the world presented to the low vision patient so as to make
best use of the remaining viable retina. An analogy is that the image warping as possible with the
Remapper could create a better "impedance match" between the low vision eye and the world.

1-168

V. SLM's and SNR Optimization

We have worked toward the creation of filters that take into account the nature of the spatial light
modulators on which they are expressed. In one sequence of papers®-17:21 we take into account the
zoupling between phase and amplitude. In others}?!® we adapt to behavior of the SLM that is

unknown in detail. Elsewhere!® we adapt
to phase filtering with a modulator that is of quite limited range; we routinely achieve solidly

detectable correlationt\, }lith a phase modulator that is limited to about one radian (cf. 2« t;gr full
ability). We initially’’! maximized only the central correlation value, but more recently** have

begun a move into filters that optimize signal-to-noise ratio (SNR) for additive random noise of
known power spectrum in the transform plane and aiso filters that optimize SNR when detector noise

is included.

V1. Summary

The Johnson Space Center is actively working on several technological areas that are applicable to
autonomous rendezvous and docking.
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e, (t) = -5% (8, (t)+e, (t-dt)
- - I— /
/- -- \

Derive Rates

+ .5%w, (t-dt)

Wi (E)=(1/2dt) * (e, (t)-e, (t-dt))

Selection Logic
(Through serial port)

Vehicle Commands to Thruster

\ , /
[m=mmmmmmeee -\
Compute Error Signals

& = (8;a; + wb.) * 6.0
\m=mmmeme e ' -/
[mmmmm———mee \

Upper and Lower Error
Command Limits
if (e; > 6) then e =6
if (e; < 2) then e, =2
\ -~ , /
/ - ——mmm e\
Upper and Lower Rate Limits
if |w;| > rate limit then
e = .3
\ , /
e \

=/

I-201 |
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Gains and Rate Limits

Input Position Rate Rate Output
Signal Gain Gain Limit Signal
8, .25 10 * e
Range (XS
e, e
Sensor .5 5 1.4 (Y}

Azimuth
e
2 €
Target 1 .5 1.0 (Yaw)
Azimuth
e
Sen;or .18 1 2.8 (gi
Elevation
9‘ e,
Target .1 . 1.0 (Pitch)
Elevation
e .15 .1 2.8 e
Roil (Roil)

* Rate Limit = range/120 + .01
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